1. Introduction
===============

Many people are not aware of the harmful effects of radiofrequency waves (RF) and their role in cancer and other serious risks. Scientific evidence suggests that cancer is not only linked to mobile phone radiation and that other factors also may be involved in its development. Most mobile operators use from radiofrequency waves in the range up 300 MHz to 3 GHz that can be harmful for human health ([@b1-epj-08-2452]). Many scientific studies have been done on the radiobiological effects of RF waves, and most of them have reported the rare relationship between RF exposure and risks posed by mobile phones on the body in the last 15 years ([@b2-epj-08-2452]). However, they could lead to increased body temperature, especially in the head and neck, who have a low threshold dose and increases the probability of injury if there is long-term exposure to these waves. Mobile phones emit RF waves even when they are in standby mode. When using mobile phones, various factors should be considered, such as the duration, location, and method of use, in order to reduce the possible effects of exposure to radiation in the RF. Because of the risk of mutation and sexual trauma and to prevent infertility due to the effect on male sexual cells, the mobile phone should be away from the waist. In this study, we measured the emitted dose from a radiofrequency device at different frequencies using a scintillation detector. The results of this study and International Commission of Non Ionization Radiation Protection (ICNIRP) reports show that people who use cell phones more than 50 minutes a day face early dementia or other thermal damage due to the burning of glucose in the brain ([@b3-epj-08-2452]). Currently, the ranges of subjects related to occupational and public exposure of electromagnetic fields have been increased. Due to the possibility of adverse effects on human health, performance study of these devices has significant importance ([@b4-epj-08-2452]). There are two types of electromagnetic fields based on the frequency range, i.e., extremely low frequency (ELF) and very low frequency (VLF) fields. ELF and VLF fields' frequency ranges are between 3 and 300 Hz and 3 and 300 kHz, respectively. Due to the nature of static electricity, electric and magnetic fields at these frequencies operate separately from each other and will be measured in the different circumstances ([@b5-epj-08-2452]). Electric and magnetic fields can be produced by carrying of electric current at any wiring or equipment, such as overhead or underground power lines, home wiring, medical equipment, and electronic devices ([@b6-epj-08-2452]). The most important factors that influence human exposure are power density of the frequency generator source, distance from the source, type and thickness of the exposed beams, and frequency (penetrated depth) of the RF input signal to the body ([@b7-epj-08-2452]). [Figure 1](#f1-epj-08-2452){ref-type="fig"} shows the frequency ranges of electromagnetic fields.

2. Material and Methods
=======================

2.1. The Switch Mode High Voltage Module (SMHVM)
------------------------------------------------

The High Voltage Power Supply (HVPS) that was used in this study was made based on the push-pull topology ([@b4-epj-08-2452]--[@b8-epj-08-2452]). It was designed and built for the Single Photon Emission Computed Tomography(SPECT) system, and its performance was evaluted through simulation as well as experiment. The nominal frequency of SHVPS is about 31 kHz that is achieved in half of the duty cycle. Some module specifications, such as the maximum intensity of the magnetic field (*B~max~*), output voltage (*V~o~*), output current (*I~o~*), maximum switching frequency (*F~max~*), reference voltage (*V~r~*), and bias voltage are *B~max~* = 200 mT, *V~o~* = 2000 V, *I~o~* = 20 mA, *F~max~* = 60 kHz, *V~r~* = 5.5 V, and *V~c~* = 12 V, respectively. [Figure 2](#f2-epj-08-2452){ref-type="fig"} shows the prototype model of the constructed module. In switched mode power supplies, switching frequency interference results in a sudden flow of electric and magnetic fields. Thus, to reduce the effects of interference, Electromagnetic Interference (EMI) filters and RF shielding are used.

2.2. RF Dosimetry
-----------------

The body exposure that is caused by RF waves of electric and magnetic fields, which varies with the intensity of the output signal was determined. Usually energy measurement of transmitted RF signals that enters the body is not exactly possible. However, it can be estimated and predicted. For quantification of the exposure effects on the human body, the term used is dosimetry (dosimetric quantities). Other quantities related to the exposure of tissue include the electric field strength, the induced current in the body, and the rate of energy absorbed by the external field. The dosimetry role is to evaluate the amount of the induced electric fields in the body. Also, the dosimetry term often is used to connect the body and the biological effects resulting from energy absorption of electromagnetic waves. To measure the absorbed energy in the body by RF wave that was emitted from the HV module, an ALNOR dosimeter was used in this study. Usually, the exposure limit is expressed by specific absorption rate (SAR), which is a measureable metric. SAR is the time rate at which electromagnetic energy is absorbed in a biological tissue and can be expressed as ([@b9-epj-08-2452], [@b10-epj-08-2452]):
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where σ is specific conductivity S m -- 1, E~rms~ is the effective amount of field in tissue, and ρ is the density of the radiation-exposed tissue, which, for the head is 1.027 (gr cm^−3^). Because the head is the most important member of the body, it is necessary to express the above parameters for this body part. For head limp σ at room temperature is 1.79 (S m^−1^), E~rms~ for this module at 1.5 m distance from the dosimeter (on the head) is 1500 (V m^−1^ and density of it is 1.027 (gr cm^−3^).

2.3. RF penetration depth measurements
--------------------------------------

The penetration depth of the RF wave enters into biological tissues and the frequency of the emitted wave are inversely related. The electric field due to the RF input signal to the body will decrease after a distance from its original amount (Griffiths, 1989), known as the skin depth ([Figure 3](#f3-epj-08-2452){ref-type="fig"}). The skin depth of each tissue type organ depends on the electrical permittivity and conductivity.
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where ω is the angular frequency, μ, σ, and ɛ are magnetic permeability of materials, conductivity (S m^−1^), and permeability, respectively. Usually, μ in tissues has essentially the same value as in free space, 4*π* × 10^−7^ (H m^−1^). The relationship between skin depth of RF waves and frequency is shown in [Figure 4](#f4-epj-08-2452){ref-type="fig"}.

3. Results
==========

In [Table 1](#t1-epj-08-2452){ref-type="table"}, the maximum allowable working with high frequency sources, according US Federal Communication Commission (FCC), is shown. According to the first row of [Table 1](#t1-epj-08-2452){ref-type="table"}, at the frequencies of 15 to 60 kHz, the maximum work time for an operator should not be more than 6 min. To determine the intensity of magnetic field exposure limit values are effective values (rms) is given. In this study, the value of *B* at 25 kHz switching frequency is 2.4 mT. [Figure 4](#f4-epj-08-2452){ref-type="fig"} demonstrated the dose rate received to dosimeter, at a distance of 1.5 meters from the module. The row data for calculation Cumulative dose and relationship between the penetration depths of RF wave entrances to body with the frequency of emitted wave at different distances from module can be collected. As is clear from the results, the penetration depth of the wave RF and the frequency of the emitted wave is inversely: (*δ* ∝*f~s~^−1^*).

4. Discussion
=============

Numerous epidemiological studies, the association between public and occupational exposure, particularly exposure to ELF fields and the risk of Cancer, including leukemia, brain tumors and breast cancer has shown ([@b8-epj-08-2452]). An internal EM field is induced in the tissue when a biological tissue is exposed to RF waves ([@b11-epj-08-2452]). According to American Conference of Governmental Industrial Hygienists (ACGIH) and ICNIRP reports ([@b7-epj-08-2452]), the normal occupational exposure limit, for the whole body, not to exceed 60 mT or 600 G. Occupational exposure limit values of the magnetic flux density of the magnetic field with a frequency range 30 kHz and less than it, refers to a value that if employees are frequently faced with it, does not have any negative effect on their health. To determine the intensity of magnetic field exposure limit values are effective values (rms) is given. Occupational exposures in the range of extremely low frequency (ELF) 1 Hz to 300 Hz, the amount shall not exceed the ceiling provided in the link below:
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In the above equation, the level of exposure by tesla (T) and *f* is the frequency in Hz. Occupational exposures in the frequency range of 300Hz to 30 kHz (including audio frequency band \[VF\] from 300 Hz to 3 kHz and very low frequency band \[VLF\] is the 3 kHz to 30 kHz) shall not exceed the ceiling 0.2 mT. Exposure limit values for frequency of 300Hz to 30 kHz, including the body and is also part of the body. At frequency of 35 kHz (nominal module frequency) maximum value of δ factor is equal to 19.9 μm in the middle of the skull bone (1 to 7 mm) is much less, but the RF energy can penetrate into the brain in the area of the bone in place leaves. Hypotension, dizziness, insomnia, headaches, loss of memory, etc. ([@b12-epj-08-2452]). There is also the direct effects of long-term cancer risk. The as Low as Reasonably Achievable (ALARA) rules are necessary.

5. Conclusions
==============

NCRP-86 reporting threshold of biological effects caused by occupational exposure to RF radiation absorption to 0.4 (W Kg^−1^) determined according to the amount of 39.21 (W Kg^−1^) of this module is to measure the duration of the ongoing work in the once the device should not exceed 15 min. Also, in switching power supplies, there are long lines of communication between circuits components can reduce the effectiveness of high-frequency filters that this will lead to an increase in exposure. In general, considering that mental and psychological effects of these fields has been reported in small quantities, In order to control the possible harmful effects RF fields as possible from exposure. In this field, through the reduction of working time with a beam and the distance of the field with equipment distance and the training of personnel exposed to radiation, is prevented.
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![Electromagnetic fields according to the frequency ranges ([@b4-epj-08-2452]).](epj-08-2452f1){#f1-epj-08-2452}

![The prototype of constructed high voltage power supply module.](epj-08-2452f2){#f2-epj-08-2452}

![Relation between RF wave depth penetration and emitted frequency from generator ([@b4-epj-08-2452]).](epj-08-2452f3){#f3-epj-08-2452}

![The dose rate at a distance of 1.5 m from the module (measured by ALNOR dosimeter)](epj-08-2452f4){#f4-epj-08-2452}

###### 

FCC Limits for Maximum Permissible Exposure (MPE).

  Frequency (MHz)   Electric Field Strength; RMS (V m^−1^)   Magnetic Field Strength; RMS ( A m^−1^)   Power Density(w m^−2^)   Averaging Time (min)
  ----------------- ---------------------------------------- ----------------------------------------- ------------------------ ----------------------
  0.003-1           600                                      4.9                                       \-                       6
  1--10             600\*f^−1^                               4.9\*f^−1^                                \-                       6
  10--30            60                                       4.9\*f^−1^                                \-                       6
  30--300           60                                       0.163                                     \-                       6
  300--1500         3.54\*f ^0.5^                            0.0094\*f ^0.5^                           f \*30^−1^               6
  1500--15000       137                                      0.364                                     50                       6
  15000--150000     137                                      0.364                                     50                       616000\*f^−1.2^
  150000--300000    0.354\*f^0.5^                            9.4\*10^−4^\*f^0.5^                       3.33\*10^−4^             616000\*f^−1.2^
